ild cognitive impairment represents a transitional state between the cognitive changes of normal aging and the earliest clinical features of Alzheimer's disease. 1 Amnestic mild cognitive impairment refers to the subtype that has a primary memory component, either alone (single domain) or in conjunction with other cognitive-domain impairments (multiple domain), but of insufficient severity to constitute dementia. [2] [3] [4] [5] [6] Previous research has shown that the rate of progression to clinically diagnosable Alzheimer's disease is 10 to 15 percent per year among persons who meet the criteria for the amnestic form of mild cognitive impairment, in contrast to a rate of 1 to 2 percent per year among normal elderly persons. 7 Approximately 80 percent of those who meet the criteria for amnestic mild cognitive impairment will have Alzheimer's disease within six years, and the presence of one or more apolipoprotein ( APOE ) e 4 alleles is associated with a more rapid rate of progression. 8, 9 Thus, preventing the progression of mild cognitive impairment to Alzheimer's disease is likely to provide substantial benefit.
Oxidative damage accompanies Alzheimer's disease, and cholinesterase inhibitors are recommended for use in mild-to-moderate Alzheimer's disease. 10 The Alzheimer's Disease Cooperative Study (ADCS) 11 showed that treatment with the antioxidant vitamin E could delay the time to important milestones in patients with moderately severe Alzheimer's disease. The present study was designed to determine whether treatment with vitamin E or donepezil, the most widely used cholinesterase inhibitor available at the time the study was designed, could delay the clinical diagnosis of Alzheimer's disease in subjects with the amnestic form of mild cognitive impairment. participants We enrolled 769 subjects from 69 ADCS sites in the United States and Canada. 12 The criteria for inclusion were amnestic mild cognitive impairment of a degenerative nature (insidious onset and gradual progression), 7 impaired memory, a Logical Memory delayed-recall score approximately 1.5 to 2 SD below an education-adjusted norm, a Clinical Dementia Rating (CDR) of 0.5, a score of 24 to 30 on the Mini-Mental State Examination (MMSE), and an age of 55 to 90 years. Detailed inclusion and ex-clusion criteria are presented in the Supplementary Appendix, available with the full text of this article at www.nejm.org.
study design
In this multicenter, randomized, double-blind, placebo-controlled, parallel-group study, which was conducted between March 1999 and January 2004, subjects with amnestic mild cognitive impairment were randomly assigned to receive 2000 IU of vitamin E, placebo donepezil, and a multivitamin daily; 10 mg of donepezil, placebo vitamin E, and a multivitamin daily; or placebo vitamin E, placebo donepezil, and a multivitamin daily. The multivitamin contained 15 IU of vitamin E. The initial dose of donepezil was 5 mg daily, and the dose was increased to 10 mg after six weeks. The initial dose of vitamin E was 1000 IU daily, and the dose was increased to 2000 IU (1000 IU twice daily) after six weeks. If a subject had difficulty tolerating the higher dose of vitamin E or donepezil, the investigator could reduce the dose of either medication temporarily and then rechallenge with the higher dose.
We used an adaptive allocation scheme for the treatment assignment, with the MMSE score, age, and APOE e 4 status as balancing covariates. The study was designed by the mild-cognitive-impairment protocol committee of the ADCS and was executed and analyzed by the ADCS investigators. Fifty percent of the funding was provided by the National Institute on Aging, with the other 50 percent coming from Pfizer and Eisai. Pfizer and Eisai served in an advisory capacity for the study, but final decisions concerning all phases of the study were made by the ADCS investigators. The study was conducted according to Good Clinical Practice guidelines, the Declaration of Helsinki, and the U.S. Code of Federal Regulations title 21 Part 50 (Protection of Human Subjects) and title 21 Part 56 (Institutional Review Boards). Written informed consent was obtained from all participants and study partners who had knowledge of the participants' functional activities. A data and safety monitoring board reviewed the blinded safety data every three months during the trial.
efficacy measures
The primary end point was the time to the development of possible or probable Alzheimer's disease, defined according to the clinical criteria of the National Institute of Neurological and Communicative Diseases and Stroke and the Alzheimer's Disease and Related Disorders Association. 13 On verification by a central review committee that a participant met these clinical criteria for Alzheimer's disease, the participant stopped taking donepezil or matching placebo in a blinded fashion and was offered open-label donepezil until he or she completed the study at month 36.
Secondary measures were also assessed, including the scores for the MMSE; the Alzheimer's Disease Assessment Scale, cognitive subscale (ADAS-Cog); the global CDR; the CDR sum of boxes (the sum of individual CDR domain scores); the ADCS Mild Cognitive Impairment Activities of Daily Living Scale; the Global Deterioration Scale; and a neuropsychological battery consisting of the New York University paragraph-recall test, the Symbol Digit Modalities Test, the category-fluency test, a number-cancellation test, the Boston Naming Test, the digits-backward test, the clock-drawing test, and a maze-tracing task. 12, 14 
statistical analysis
The primary analysis was conducted according to the intention-to-treat principle in order to determine whether there was a significant reduction in the time to progression to Alzheimer's disease among subjects treated with either vitamin E or donepezil as compared with those given placebo. The Cox proportional-hazards model was used, and baseline variables (age, the MMSE score, and the APOE genotype) were included in the analysis as covariates. Two primary analyses were conducted, one comparing the vitamin E and placebo groups, and one comparing the donepezil and placebo groups. The Hochberg method 15 was used to adjust the two P values for multiple comparisons. The Schoenfeld residuals test was used to test for nonproportional hazards. 16 A z-test (the difference in the proportions divided by the standard error of the difference) was used to compare estimated survival rates at various points on the Kaplan-Meier curves (at 6, 12, 18, 24, 30, and 36 months) . The Hochberg method was used to adjust the six P values for multiple comparisons.
Hazard ratios derived from the Cox analysis were used to compare the risk of progression in the donepezil or vitamin E group with that in the placebo group for the entire cohort and for the subgroup of APOE e 4 carriers. In the 12-and 24-month analyses, data were censored at 388 and 749 days, respectively. The hazard-ratio analyses were secondary, and the resulting P values were not adjust-ed for multiple comparisons. Baseline characteristics among the three groups were compared with the use of Wilcoxon's rank-sum test or Fisher's exact test, as appropriate. For the statistical evaluation of main effects, a P value of less than 0.05 was considered to indicate statistical significance, and for interaction effects, a P value of less than 0.10 was used.
The secondary outcomes were examined with the use of analysis of covariance for the change in scores without correction for multiple comparisons, and missing values were imputed with the use of a projection method appropriate for assessing responses among subjects with neurodegenerative diseases. 17 As part of the secondary analyses, several cognitive-domain scores for memory (consisting of the ADAS immediate and delayed word-recall scores and the New York University immediate and delayed paragraph-recall scores), executive function (the digits-backward test, Symbol Digit Modalities Test, and number-cancellation test), language (the Boston Naming Test and category-fluency test), and visuospatial skills (the clock-drawing test) were calculated in addition to an overall composite cognitive-function score. The cognitive-domain and overall composite scores were calculated as the weighted sum of the individual standardized test scores. The individual test scores were standardized by dividing each score by the standard deviation of the baseline scores. Weights were calculated as the reciprocal of the sum of the correlation coefficients between the tests in each domain at baseline.
The annual rates of progression to dementia were calculated with the use of a life-table analysis. An analysis based on a logistic-regression model was conducted to determine whether missing data from subjects who were lost to follow-up were missing completely at random 18 and, if so, could be ignored.
study population
A total of 790 subjects underwent randomization, and 769 completed the baseline assessment. There were no significant differences among the three groups in baseline demographic or psychometric characteristics (Table 1) .
primary outcome measures
A total of 214 participants had progression to dementia, with 212 being classified as having possi-results ble or probable Alzheimer's disease, 1 as having mixed dementia, and 1 as having primary progressive aphasia. The overall rate of progression to Alzheimer's disease was 16 percent per year.
During the three years of the trial, there were no significant differences in the probability of progression from mild cognitive impairment to Alzheimer's disease on the basis of the Cox analysis between the vitamin E group and the placebo group (hazard ratio, 1.02; 95 percent confidence interval, 0.74 to 1.41; P=0.91) or the donepezil group and the placebo group (hazard ratio, 0.80; 95 percent confidence interval, 0.57 to 1.13; P=0.42) (Fig. 1A) . The Schoenfeld residuals test of nonproportional hazards was significant (P=0.001 for the comparison of the donepezil group with the placebo group and P=0.01 for the comparison of the vitamin E group with the placebo group), indicating that the proportional-hazards assumption for the Cox model was not met. The 36-month analysis was therefore followed by a prespecified assessment of the treatment effects at each six-month evaluation point. This analysis showed that there were no signifi-cant differences between the vitamin E and placebo groups at any time during the trial.
The risk of progression to Alzheimer's disease was lower in the donepezil group than in the placebo group for the first 12 months of the trial (P= 0.004 at 6 months and P=0.04 at 12 months by a z-test adjusted for comparisons at multiple points) ( Fig. 1B) . A total of 38 subjects in the placebo group had progression to Alzheimer's disease in the first 12 months, as compared with 33 in the vitamin E group and 16 in the donepezil group. By 36 months, however, the numbers of subjects with progression to Alzheimer's disease did not differ significantly among the three groups: 73 in the placebo group, 76 in the vitamin E group, and 63 in the donepezil group. For the comparison that included all subjects, the hazard ratios for progression to Alzheimer's disease were lower in the donepezil group than the placebo group during year 1 (P=0.004) and during years 1 and 2 (P=0.03), but not during the entire three years of the study (P=0.21; P values not adjusted for comparisons at multiple points).
secondary outcome measures
There were few significant differences in cognitive function from baseline between the vitamin E and placebo groups. The exceptions were in the scores for the executive, language, and overall cognitive scores, and these were confined to the first 18 months of the study. There were more differences in the change from baseline scores between the donepezil group and the placebo group, as shown in Table 2 ; they included the scores for the MMSE, CDR sum of boxes, Global Deterioration Scale, and modified ADAS-Cog, as well as memory, language, and overall cognitive scores, but with one exception, they were also confined to the first 18 months of the study.
apoe e 4 carriers
Possession of the APOE e 4 allele was a major predictor of progression to Alzheimer's disease in all three groups, with 76 percent of the cases of progression to Alzheimer's disease occurring among APOE e 4 carriers (P<0.001) (Fig. 1C ). There were 136 carriers in the placebo group, 147 in the donepezil group, and 141 in the vitamin E group (Table 1). The curves for the vitamin E and placebo groups separated slightly during the first year, then merged again (P=0.77) ( Fig. 1D ). In this secondary analysis, it was observed that the curves for the donepezil and placebo groups had separated by six months and remained apart during the remainder of the trial (P = 0.04), with donepezil treatment reducing the risk of progression to Alzheimer's disease by approximately one third at year 3 among subjects with one or more APOE e 4 alleles ( Table 3) .
outcomes and adverse events
Adverse events in the donepezil group included muscle cramps, gastrointestinal symptoms, and sleep disturbances (Table 4 ). Twenty-three deaths occurred during the study (17 during the doubleblind phase and 6 during the open-label phase), and all were judged to be unrelated to treatment. During the double-blind phase, seven subjects died in the donepezil group and five subjects died in each of the other two groups (P=0.79).
A total of 230 subjects discontinued treatment during the double-blind phase: 92 in the donepezil group, 72 in the vitamin E group, and 66 in the pla-cebo group (P=0.90). Among the leading reasons for discontinuation besides death were adverse events in the case of 47 subjects and withdrawal of consent in the case of 105 subjects.
effect of missing data
To assess the effect of missing data, we compared the baseline values between the 230 subjects who withdrew during the double-blind phase and the 539 subjects who progressed to open-label treatment or completed the double-blind phase. There were no significant differences in demographic characteristics or neuropsychological measures. A contingency-table analysis of the number of subjects according to the treatment group and period of withdrawal indicated a trend toward more early dropouts (at the three-and six-month visits) in the donepezil group than in the placebo group (P=0.07). The results of an evaluation of the assumption that the missing data were missing com- pletely at random demonstrated that cognitive scores for the MMSE and the ADAS-Cog and total score for the CDR sum of boxes at each visit were predictive of withdrawal before the next visit, indicating that the missing observations cannot be ignored. To assess the z-test results, we conducted a sensitivity analysis consisting of simulations in which the subjects in the donepezil group who dropped out in the first 12 months were randomly divided into two groups: a group of 40 to match the number of dropouts in the placebo group during this period and a group of 24 excess dropouts. A proportion of the 24 excess dropouts was then selected at random and assumed to have had progression to Alzheimer's disease. That proportion was set at the conservative level of double the rate in the group of subjects who completed the study. This analysis included six excess progression events.
In these analyses, the 6-and 12-month z-test results remained significant in favor of the donepezil group over the placebo group. The results at all other times were nonsignificant. Similar analyses were performed for the vitamin E and placebo groups, and the results were uniformly nonsignificant.
Over the three years of the study, there were no significant differences in the probability of progression to Alzheimer's disease between either the vitamin E or the donepezil group and the placebo group. However, since the effect of treatments varied during the three years of the trial and assumptions for the primary-analysis model were not met, prespecified group comparisons were carried out at each of the six-month evaluations. These analy-discussion ses demonstrated that vitamin E had no significant effect during the trial with respect to the development of Alzheimer's disease at any time. The analysis for donepezil, however, demonstrated a reduced likelihood of progression to Alzheimer's disease in the donepezil group, as compared with the placebo group, for the first 12 months of the trial. These results suggest that donepezil treatment may delay clinical progression to Alzheimer's disease but do not address the question of the underlying mechanism. As shown in Table 2 , the overall cognitive function of the subjects with mild cognitive impairment in the donepezil group did not decline on most of the measures during the first 6 to 18 months of the study and thereafter declined at about the same rate as in the placebo group. As a result, the size of the donepezil-placebo treatment effect on the MMSE score was about 0.5 point throughout the 36-month trial. This delay in cognitive decline probably contributed to the slower rate of progression to Alzheimer's disease in the donepezil group. The observed relative reduction in the risk of progression to Alzheimer's disease of 58 percent at one year and 36 percent at two years in the entire cohort is likely to be clinically significant. Although our findings do not provide support for a clear recommendation for the use of donepezil in persons with mild cognitive impairment, they * Scores for the Mini-Mental State Examination (MMSE) can range from 0 to 30, with higher scores indicating better function. Scores for the Activities of Daily Living Scale can range from 0 to 53, with higher scores indicating better function. Scores for the Clinical Dementia Rating (CDR) sum of boxes can range from 0 to 18, with lower scores indicating better performance. Scores for the Global Deterioration Scale can range from 1 to 7, with higher scores indicating poorer function. Scores for the original cognitive subscale of the Alzheimer's Disease Assessment Scale (ADAS-Cog) can range from 0 to 70, and scores for the modified ADAS-Cog can range from 0 to 85, with higher scores indicating poorer function. † P<0.01 for the comparison with the baseline value. ‡ P<0.05 for the comparison with the baseline value. § The values for the cognitive-domain measures (memory, executive, language, and visuospatial) are standardized composite z scores, with positive numbers indicating improvement. The overall cognitive score was based on the four domain scores and computed as explained in the Methods section. could prompt a discussion between the clinician and the patient about this possibility. We also found that amnestic mild cognitive impairment and the presence of one or more APOE e 4 alleles were highly predictive of progression to Alzheimer's disease. Of the 214 diagnoses of dementia, 212 were possible or probable Alzheimer's disease, with 76 percent of the cases of progression to Alzheimer's disease occurring among APOE e 4 carriers. The results show that the enrollment criteria for amnestic mild cognitive impairment were highly specific. Furthermore, this study replicated observational studies demonstrating a rate of progression from mild cognitive impairment to Alzheimer's disease of 10 to 15 percent per year. 5, 7 Treatment with vitamin E and donepezil did not produce any unexpected side effects. No episodes of bleeding occurred in the vitamin E group. There were more discontinuations in the donepezil group than in the other two groups, as would be expected from its known side-effect profile. 10, 19 Most discontinuations were related to gastrointestinal side effects, sleep disturbances, and muscle cramps. There were slightly more deaths in the donepezil group, but the number was not out of proportion to the number expected among subjects in this age group and was not significantly different from the numbers in the vitamin E and placebo groups.
We used numerous secondary measures, and in general, they appeared to corroborate the overall outcome data concerning the rate and risk of progression from mild cognitive impairment to Alzheimer's disease. Results for language and the overall composite measure showed some effect of vitamin E therapy, but they were of insufficient magnitude to affect the overall performance of the group. In the donepezil group, the results for memory, language, the overall composite measure, and global measures of cognition, disease severity, and stage of dementia paralleled the overall treatment effect of the drug on the risk of progression to Alzheimer's disease.
* CI denotes confidence interval. P values were not adjusted for multiple comparisons. In the donepezil group, when corrected for multiple comparisons, the P value at 24 months for all subjects became nonsignificant (P=0.052), and the P value at 36 months for APOE e 4 carriers also became nonsignificant (P=0.078). A major modifying effect of the comparison of donepezil with placebo was the APOE e 4 carrier status. Most of the treatment effect of donepezil occurred among the APOE e 4 carriers. In secondary analyses, we observed that when the analysis was confined to the APOE e 4 carriers, the effect of donepezil was significant at 12, 24, and 36 months. However, there are insufficient data to warrant recommending APOE genotyping in persons with mild cognitive impairment, and our results cannot be used to make this recommendation, since the study was not statistically powered to determine the effects of treatment in separate groups of APOE e 4 carriers and noncarriers.
Despite evidence of oxidative stress in patients with Alzheimer's disease and mild cognitive impairment and observational studies suggesting that supplementation with antioxidant vitamins may decrease the risk of Alzheimer's disease, we did not find that vitamin E significantly affected the risk of progression. [20] [21] [22] Furthermore, this therapy had only minimal effects on secondary measures.
In summary, this study provides evidence that treatment may delay the clinical diagnosis of Alzheimer's disease. Specifically, the likelihood of Alzheimer's disease was reduced for only the initial 12 months of the study among patients treated with donepezil, as compared with those who received placebo; however, in secondary analyses, it was observed that the effect was more prominent among APOE e 4 carriers, with a reduction in risk apparent throughout the 36 months of the study. The results of the secondary analyses of cognitive and global measures supported the primary-outcome results.
Our findings suggest that the design of our study and the enrollment criteria are practical and can be used to demonstrate the effects of a given intervention in subjects with amnestic mild cognitive impairment. Other therapeutic agents under development, particularly those designed to prevent Alzheimer's disease or progression to Alzheimer's disease, may be particularly beneficial in subjects with mild cognitive impairment.
